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Abstract. We have revisited the stellar content of OMC 2 and OMC 3 by means of MIR imaging and NIR photometry; in 
addition, we have extended the existing (sub)mm maps by a huge 1200/jm map obtained with SIMBA showing new sources 
and filamentary features for the first time at that wavelength. The MIR data reveal 43 new sources at N and Q which are partly 
associated with dense condensations at millimetre wavelengths. Six close binary sources could be resolved at locations where 
existing (sub)mm maps only show single emission peaks; three of them are classified as early (B-type) systems, one of them is 
compatible with type K while the remaining two seem to be T Tauri stars. Furthermore, the MIR images indicate the existence of 
separate circumstellar discs in the K-binary system. NIR colour-colour and colour-magnitude diagrams obtained from 2MASS 
data are examined to explore the physical properties of the sources and to derive the distribution of J luminosities. There is a 
clear decrease in luminosity and thus in stellar mass when going from South to North. Likewise, there is an anti-correlation 
between Class I and II objects in both regions: while OMC 2 contains twice as much Class II objects compared to Class I, the 
situation is reversed in OMC 3. 
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1. Introduction 

The GMC complex Orion A is usually separated into three dis- 
tinct components, i.e. OMC 1, 2 and 3. The OMC 2/3 region 
has turned out to be one of the most active sites of ongoing low 
and intermediate-mass star formation known today. Numerous 
observations at optical, NIR, FIR, sub-mm and cm wavelengths 
have been devoted to the stellar content of this region, and have 
revealed a young association with sources of different evolu- 
tionary stages. 

Gatley et al. ( 1974) originally discovered OMC 2 as a star 
forming region by IR and CO measurements. They found 5 
embedded IR sources within a cloud core of ~ 1000 M G . This 
region is a small fraction of the cloud complex Orion A found 
by Kutner et al. dl977> . A spatially well resolved study in the 
13 CO line revealed a filamentary structure (Bally et al. 1 19871 1 
of the entire region. Infrared studies (e.g. Rayner et al. 1989 
Johnson et al. 1990, Jones et al. [T9^4l Ali & DePoy [T995l dis- 
covered a population of young stars, many of them surrounded 
by circumstellar discs (e.g. O'Dell et al. 119931 McCaughrean 
& O'Dell fT^I Hillenbrand et al.Qp98i. 

During the first 1300 /mi continuum mapping of OMC 1 
and 2, Mezger et al. (1990 1 found 10 compact sources. 
Subsequently, Chini et al. {T997 1 investigated OMC 2 and 3 at 
1300/im with a better spatial coverage and higher sensitivity, 
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and discovered a long integral shaped narrow dust ridge rang- 
ing from OMC 1 to OMC 3 that contains 21 compact sources. 
Two of them were also detected by IRAS. 350 /mi imaging by 
Lis et al. ( 1998 1 suggested the presence of even 33 dust conden- 
sations within the area. Finally, the largest 1 200 /mi continuum 
map of Orion A (Nyman et al. 2001 1 extends over 1 in declina- 
tion and depicts the total dust emission from that region. Many 
of the (sub)mm objects exhibit molecular H2 outflows (Castets 
& Langer [T995l Yu et al. lTW7l . 

A VLA survey by Reipurth et al. J1999i led to the detec- 
tion of a number of radio sources, 1 1 of which were associ- 
ated with previously detected (sub)mm condensations. Tsuboi 
et al. (2001i report on X-ray sources in OMC 3 and associate 
them with very young stellar objects. 

Despite this wealth of data, the evolutionary stage of many 
objects is still unclear; this is true for the pure (sub)mm sources 
as well as for some NIR sources with (sub)mm and radio 
counterparts. A major reason for the uncertainty is the rela- 
tively large positional offset between data at different wave- 
lengths which makes a unique correlation sometimes impossi- 
ble. Another difficulty arises from the classification of the ob- 
jects in the absence of sufficient spectral coverage - particularly 
at shorter wavelengths. As suggested by Andre et al. ©93 1, 
the ratio of bolometric to sub-mm luminosity may give an in- 
dication of the youth of a protostar; they argue that the bolo- 
metric luminosity is a measure of the protostellar mass, while 
the sub-mm luminosity represents the mass of the cold, cir- 
cumstellar matter. The ratio of both quantities should therefore 
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reflect the evolutionary stage of the protostellar system in the 
sense that the sub-mm luminosity must decrease with the ongo- 
ing accretion of the surrounding material. However, in practice 
the ratio L\, i/L smm is difficult - in most cases even impossi- 
ble - to determine, because these earliest stellar stages evolve 
deeply within dust clouds so that NIR observations - if avail- 
able at all - suffer from heavy extinction. In addition, satellite 
(or airborne) FIR observations of protostars have been limited 
so far by sensitivity and spatial resolution so that Lboi remains 
a poorly constrained quantity in most cases. Thus, it seems that 
further classification criteria for protostellar sources would be 
highly desirable. 

The advent of sensitive ground-based MIR imaging de- 
vices is likely to improve the situation because they i) provide 
a sub-arcsec resolution, ii) have a better sensitivity than IRAS, 
and iii) are barely influenced by interstellar extinction. In addi- 
tion, they fill an important gap in existing spectral energy distri- 
butions (SEDs) - right between the NIR and (sub)mm regimes, 
and thus seem to be ideally suited to elucidate the evolutionary 
stage of protostellar candidates. 

In the present paper, we report on an N and Q band survey 
of OMC 2/3 with TIMMI 2 following up our previous investi- 
gations of the youngest stars in Orion. Data from our new ex- 
tended 1200/im continuum survey of the region with SIMBA 
as well as NIR data from the 2MASS database are also in- 
cluded. 

2. Observations 

The mid-infrared (MIR) observations were carried out 
in Januar y 200 1 and 2002 wit h TIM MI 2 (Dietzsch & 
Reimann IT9981 Reimann et al. IT9981 at the ES0 3.6m 
telescope, La Silla, Chile. TIMMI 2 is a mid-infrared 
spectrograph and imager operated in the M (5/im), 
N (10/mi) and Q (20 /im) atmospheric bandpasses (c.f. 
http : //www . Is . eso . org/lasilla/Telescopes/360cat/ 
timmi/). We observed in the N- and Q-bands. The first run 
was carried out using a set of filters centred at wavelengths 
of 11.9 (AO and 17.8 //m (0. The N-band filter was replaced 
with one centred at 10.4jt/m for the second campaign, in 
which we re-measured nearly all the previous detections. 
The average seeing was about 077 being close to diffraction 
limited imaging. In order to achieve a good relative pointing 
accuracy, we used the bright object MMS 7 (Chini et al. 1997 ) 
as a positional standard from which we offset the telescope 
for each new target position. This enabled us to correlate the 
MIR sources in a unique way with detections from the VLA, 
the 2MASS data base, and (sub)mm observations. Several 
suitable TIMMI 2 standard stars were observed for calibration 
purposes. 

The 1200yum continuum observations were carried out 
with the 37-channel bolometer array SIMBA at the SEST on 
La Silla, Chile during the second commissioning period in 
October 2001. Sky dips were performed every three hours in 
order to correct for the atmospheric opacity. Maps of Uranus 
were taken for calibration purposes. The final map of about 1° 
in declination covers the full region of OMC 1 to 3 and was cre- 
ated from 13 single fast-scanning maps. The residual noise is 




Fig. 1. A SIMBA view of the Orion A region at 1200 jum (con- 
tours) superimposed on an MSX image at 8.3 fim (grey-scale). 
In the Northern region, dust filaments that are seen in emis- 
sion with SIMBA appear in absorption for MSX, indicating the 
presence of cool and dense dust. The central part around the 
Kleinmann-Low nebula in OMC 1 is dominated by MIR emis- 
sion suggesting considerably higher dust temperatures. 



about 40 mJy/beam (rms). The beam size is 24". All data were 
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reduced and analysed with MOPSI 1 according to the instruc- 
tions of the SEST manual J20021 

In addition, we show an extension of the spatially higher 
resolved 1300 //m image of Chini et al. ( 1997) of 3' towards the 
South. This hitherto unpublished map was obtained at IRAM 
(Sievers, priv. comm.) and allowed us to look for coinciding 
detections down to a declination of -5°16'30". 

The 2MASS data were accessed via the VizieR Online 
Catalogue Service 2 . Only such objects were selected which 
were detected in at least two wavebands of JHK S . The cited 
K s magnitude was transformed into a K magnitude accord- 
ing to Wainscoat & Cowie ( 1992). Furthermore, the conversion 
from magnitudes to physical flux quantities was achieved fol- 
lowing the calibration information of the 2MASS Explanatory 
Supplement (Sect. IV 5a). 

3. Overview of the region 

Fig- HI gives an overview of the Orion A region including 
OMC 1 - 3; it was obtained with SIMBA at 1200 /mi and ex- 
tends the original map by Chini et al. ( 1997 > both towards 
North and South. This map resembles - apart from the lower 
resolution - very much our previous one, but shows this time 
fainter extended emission. In addition, there are new complexes 
with embedded sources in the Northern and the very Southern 
region; the strongest compact source to the very North-East is 
labelled "S" according to "SIMBA". The 1200 fim contours are 
plotted over an 8.3 /mi image from MSX (Midcourse Space 
Experiment). The correspondence at both wavebands is strik- 
ing. The 1200 fim emission filaments in OMC 3 appear in ab- 
sorption in the MSX map, indicating the presence of dense and 
cool dust. Moving further to the South, the dust temperature 
seems to increase as witnessed by the emission at 8.3 /mi. 

Fig. |3 shows the 1300 fim emission of OMC 2/3 at twice 
the resolution of Fig.^ it was taken from Chini et al. ([1997 1 
and was extended to the South by an additional mosaic of 3' 
in declination, kindly provided by A. Sievers (priv. comm.). 
The positions of the new MIR sources from TIMMI 2 as well 
as all 2MASS detections within the region are also marked. It 
becomes clear from this figure that we have to deal with a num- 
ber of combinations as concerns the coincidence of detections 
at NIR, MIR and mm wavelengths. 

Table Ogives the positions for all objects detected in our 
MIR survey. Although there is a number of different names 
associated with certain sources in the field, we use - for rea- 
sons of homogeneity - the running number of the MIR sources 
as a nomenclature in the present paper. Other designations are 
given for comparison. Comparing the positions derived for our 
10.4 /mi sources with astrometry from the VLA and 2MASS, 
we estimate an accuracy of better than 1". The VLA positions 
are taken from Reipurth et al. ( 1 999 1. while the NIR refer- 
ence frame is based on the 2MASS database. Whenever the 
the nominal MIR position according to the telescope infor- 

1 MOPSI is a reduction software for infrared, millimetre and ra- 
dio data, developed and constantly upgraded by R. Zylka, IRAM, 
Grenoble, France. 

2 http://vizier.u-strasbg.fr 
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Fig. 2. The OMC 2/3 map at 1.3 mm by Chini et al. il997l is 
shown as a grey-scale enhanced with contours rising linearly 
from a 3<x r.m.s. noise level. Its Southern extension of 3' was 
kindly provided by A. Sievers. The upper left insert was taken 
from the SIMBA map. Our new MIR sources from TIMMI 2 
are marked as filled dots while the 2MASS sources show up as 
crosses. Objects with a colour excess are pointed out with an 
open circle. 
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mation agreed within 3" with a VLA or a 2MASS detection, 
we assumed that the sources are identical. Since many MIR 
frames contain more than one object and are often overlap- 
ping with adjacent frames, the identifications could be cross- 
checked against each other and with the MSX data, giving a 
consistent picture. 

Altogether, there are 45 MIR sources which have 28 coun- 
terparts in the 1300//m map by Chini et al. J1997I I. However, 
only the 10 strongest mm sources were labelled with an MMS 
or FIR number by Chini et al. J1997I while 17 weaker mm 
sources do not yet have any millimetre designation. Those 
sources are marked with a "+" in Table [2 in order to empha- 
sise the coincidence between a MIR and a 1300 yum source. 

The NIR identifications in Table prefer to scan No. 10 
of the 2MASS survey as well as the measurements of Ali & 
DePoy JT9951 AD), Carpenter et al. (2001 CHS) and Gatley 
et al. J1974i . who introduced the labelling of IRS 1 to 5. 
Additionally, those IRAS sources are mentioned, whose error 
ellipses include the positions of our MIR sources. 

The photometric data is given in Table [2] It contains the 
NIR flux densities, mostly taken from the 2MASS database. In 
rare cases, where 2MASS data were not available, we used the 
measurements of AD and CHS. The listed MIR flux densities 
were acquired with our TIMMI 2 observations. For reasons of 
homogeneity, we re-measured all 1 300 fim flux densities for the 
MIR sources. Therefore, the values for those 15 objects which 
were not obviously outstanding in the 1300/im map by Chini 
et al. ( 19971 are new and are marked in bold letters. The same 
holds for the new North-Eastern source, where we extracted 
the millimetre flux from the SIMBA map. The previously pub- 
lished values are in accord with our new estimates. 

4. Results 

The detection of an individual source at the different wave- 
bands (see Table gives a first indication that we are deal- 
ing with a variety of sources at different evolutionary stages. 
Likewise, Table |2] corroborates this view, because the relative 
energy output at certain spectral regions changes tremendously 
from source to source. In order to get a comprehensive view of 
the stellar content in the region, we have used two major data 
sets: 43 sources come from our MIR survey (hereafter MIR 
sample) whereas 264 sources were obtained from the 2MASS 
database (NIR sample). Subsequently, both groups were di- 
vided according to their location in OMC 2 and 3, respectively. 

4.1. The JHK colour-colour diagram 

Fig EJshows the NIR colour-colour diagram of all 264 known 
IR sources in the region; the photometric errors in both axes are 
typically around 0.2 mag, and rise up to 1 mag for the faintest 
objects. Despite this large error margin, the sources are mainly 
located in "allowed" regions as discussed below. Unfortunately, 
not all MIR sources can be associated with NIR counterparts: 
5 MIR binary systems have not been resolved by 2MASS and 
thus have a single NIR entry only. 2 MIR objects were exclu- 
sively detected at K„ and 2 MIR objects could not be observed 
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Fig. 3. The NIR colour-colour diagram of 264 sources in the 
OMC 2/3 region. The symbols follow our division into a MIR 
(•) and a NIR (+) sample; black symbols refer to sources in 
OMC 2, grey symbols to those in OMC 3. The unreddened loci 
of MS stars (solid) and giants (dotted) according to Ducati et 
al. (|200H are indicated as well as the locus of unreddened 
TTauri stars, as derived by Meyer et al. (1997). The straight 
dotted lines denote the direction of the normal reddening vec- 
tor, the shaded area depicts the region of NIR colour excesses. 
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Fig. 4. Statistics of all IR sources as they populate the different 
areas of the colour-colour diagram. The fractions of sources 
relative to the total number of IR sources separated in OMC 2 
and OMC 3 are given. 
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at all. In order to achieve a crude classification of the sources 
we distinguish four different areas within the JHK diagram. 



Table 3. Statistics of sources in the four colour regions. 



Sample 


other 


Colour region 
normal T Tau 


excess 


2MASS / OMC 2 


2 


107 


38 


22 


2MASS / OMC 3 


2 


64 


19 


10 


TIMMI 2 / OMC 2 





11 


5 


8 


TIMMI 2 / OMC 3 
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4.1 .1 . Giant region 

Within the errors, 4 NIR sources lie in the region of giant stars. 
3 of them have photometry errors of > 0.4 mag which makes 
a secure classification as giant stars rather uncertain. Since 2 
sources have extinction values 15 < Ay < 20 mag, we regard 
them as true background objects not related to the stellar pop- 
ulation of the OMC 2/3 region. These 4 objects were excluded 
from any further analysis. 

4.1.2. Main-sequence region 

There are 172 sources with "normal" colours in the area of 
reddened main-sequence (MS) stars with Ay-values of up to 
30 mag. Following our crude division, the majority of objects 
(161 = 61%) comes from the NIR sample only, indicating 
that this population is dominated by evolved objects. On the 
other hand, only 1 1 objects (37%) of the MIR sample have NIR 
colours that are compatible with MS stars. 

4.1 .3. TTauri region 

Taking - somewhat arbitrarily - the lower reddening vector for 
MS stars as the dividing line between MS and T Tauri (TT) stars 
we end up with 57 sources that are located in the T Tauri region. 
They exhibit A ^-values of up to 30 mag. Here, 48 objects (18%) 
come from the NIR sample alone. 9 objects of the MIR selected 
sample (30%) are found in that region. This suggests that the 
MIR group contains a larger fraction of T Tauri stars. 

4.1 .4. Excess region 

The shaded area in Fig.[3]denotes the regime of IR-excess stars. 
Its left boundary to the TTauri regime is determined by the 
truncation of the TTauri branch at H - K = 1, as shown by 
Meyer et al. {1997 1. Ten sources were detected at MIR wave- 
lengths (33%), whereas 32 (12%) could be found in the NIR. 
This corroborates the trend that the fraction of YSOs increases 
in the MIR sample compared to the NIR sample when going to 
earlier evolutionary stages. 

Altogether there are 32 excess objects of which 22 are lo- 
cated in OMC 2 and 10 in OMC 3. There is no clear division of 
both groups in terms of extinction and/or strength of excess, al- 
though sources in OMC 3 seem to be slightly redder. For exam- 
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Fig. 5. Relative distribution of J - H colours normalised to the 
number of 2MASS sources in OMC 2 and 3, respectively. 



pie, the source with the highest extinction is the MIR 1/2 binary 
with J-H > 5, but it has been excluded from the colour-colour 
diagram due to its large error. The largest excess of H - K > 4 
also occurs with an OMC 3 object. 

4.2. The J vs. J - H colour-magnitude diagram 

Fig. [6] shows the J vs. J - H colour-magnitude diagram of 
260 of the 264 sources excluding the 4 objects populating the 
area of giant stars in Fig. |5J the symbols are the same as in 
Fig. [5] The vertical curve represents the location of MS stars 
from spectral types B0 to M4 (Schmidt-Kaler 1982; Ducati et 
al. 2001 1, corrected for a foreground extinction of Ay = 2 mag 
and a distance of 450 pc; the arrows correspond to reddening 
vectors of Ay = 20 mag. While a few objects experience an 
extinction of up to Ay = 45 mag, most of them have 5 < Ay < 
25 without any obvious distinction between OMC 2 and 3, as 
visible from Fig. [3] Within the errors, all J - H colours except 
J — H = 1.0 and 2.5 seem to be equally populated between 
OMC 2 and 3 with a slight trend to a stronger reddening in 
OMC 3. However, we do not think that these outliers justify the 
interpretation of a strong indication for OMC 3 sources to have 
redder colours than OMC 2 sources. 

As witnessed from the colour-colour diagram in Fig. [3] a 
number of sources exhibits strong IR-excesses. Assuming that 
this effect mainly dominates the H - K colours, Fig.|6]should 
minimise the influence of the excesses and thus yield reliable 
results. 

All sources show a wide spread in magnitude and colour. 
The truncation at J ~ 18 mag is due to the detection limit 
of the 2MASS observations. Likewise, the photometric errors 
increase with fainter magnitudes. It is clear that the assigna- 
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Fig. 6. The NIR colour-magnitude diagram of 260 sources in 
the OMC 2/3 region, excluding the 4 sources lying in the area 
of giants. The symbols are as in Fig. [3] The MS has been ad- 
justed for a uniform foreground reddening of Ay — 2 mag and a 
distance of 450 pc. Reddening vectors of a length correspond- 
ing to Ay = 20 mag were attached to the loci of unreddened 
types BO to MO. 



tion of spectral types and intrinsic extinction from a colour- 
magnitude diagram assumes that there are neither foreground 
norpre-main sequence stars; both would simulate earlier spec- 
tral types. Background stars - in contrast - appear as later 
types. Unfortunately, neither uncertainty can be removed from 
the present data set. 

In order to minimise these uncertainties, we do not create 
a distribution of spectral types, but construct a J luminosity 
function of all stars from Fig. [6] by de-reddening the objects 
and correct for a distance of 450 pc. This analysis should be 
fairly independent of any colour excess, however it assumes 
that the stars are on or close to the main sequence. In case 
of pre-main sequence objects, the luminosity will be overes- 
timated. On the other hand, the commonly used K luminosity 
function always simulates higher luminosities, because it may 
be influenced by both an excess caused by circumstellar emis- 
sion and by pre-main sequence evolution; both effects may in- 
crease the observed K luminosity considerably. Fig.0displays 
the fraction of objects in a certain J luminosity interval relative 
to the total number of 2MASS sources in OMC 2 and 3, respec- 
tively. The populations in both regions are distributed across a 
luminosity range of -4 < Mj < 12 with a maximum between 
2 < Mj < 3. The decrease of sources beyond this maximum 
is certainly due to sensitivity. Nevertheless, there seems to be 
a systematic shift between the two regions in the sense that 
OMC 3 contains sources of lower luminosity. Neglecting the 
pre-main sequence objects from the T Tauri region (dotted), the 
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Fig. 7. Relative distribution of J luminosities normalised to the 
number of 2MASS sources in OMC 2 and 3, respectively. 

difference becomes even more pronounced: the fraction of high 
luminosity, early type stars is significantly higher in OMC 2. 
Taking into account that OMC 1 - the most Southern region of 
the Orion A complex - has a rich abundance of massive stars, 
it seems that there is a decrease of stellar masses along the fil- 
ament when going from South to North. 

5. Discussion 

In the following we discuss some particular sources of interest 
either because of their morphology, multiplicity or their detec- 
tion at other wavelengths as well as the global properties of the 
association. 

5.1. Individual sources 
5.1.1. OMC 3 SIMBA 

The new, North-Eastern complex (OMC 3 SIMBA) has also 
been observed by Lis et al. J1998i and Johnstone & 
Bally (1999 1. Molecular line measurements (source 2 of 
Tatematsu et al. I1993> allowed to determine its gas mass to 
140 Mq. In order to determine the dust temperature, we com- 
pare this CO result with the total flux density at 1200/im of 
3.4 Jy and adopt a mass absorption coefficient k v of 0.03 cm 2 
per gram of dust. The resulting dust temperature is then 1 1 K 
suggesting that OMC 3 SIMBA is a fairly cold region; this pic- 
ture is corroborated by the fact that the complex shows up in 
absorption in the MSX images (see Fig.[Q. 

As marked in Fig. |8] OMC 3 SIMBA contains at least five 
condensations, labelled a - e (see also Table |4). The 350/im 
map of Lis et al. d!998> only shows the brightest compo- 
nent while the more sensitive SCUBA maps of Johnstone & 
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Fig. 8. Superposition of the TIMMI 2 image (rectangular grey- 
scale region) and the SIMBA image (contours) of the region 
around OMC 3 SIMBA. The TIMMI 2 image shows a binary 
source (MIR 1/2) that coincides with an extension from the 
main millimetre source, here labelled as "c". 



Bally ( 1999 1 resolve the structure, too. Unfortunately, the au- 
thors did not elaborate on single sources in their paper, but 
rather concentrated on the general structure of the filament. 
Assuming that the total 350 /im flux density of 15 Jy origi- 
nates from component "a", and taking the peak intensity at 
1200^m of 570mJy/beam, we obtain a sub-millimetre lumi- 
nosity of 0.3 L Q . The spectral slope appears to be flat with 
P = 0.7. Using the above derived dust temperature of 1 1 K we 
derive a gas mass of 24 M Q . However, it is likely that much of 
the underlying extended emission contributes to the peak flux 
which overestimates the flux density of the compact compo- 
nent "a". Fitting e.g. a 2-dimensional Gaussian with an axis 
ratio of 33" x 24" to component "a" we derive a peak intensity 
of 375 mJy/beam and a total flux of 540 mJy. 



Table 4. Positions of millimetre condensations of 
OMC 3 SIMBA. The flux values are the peak intensities 
of the source positions in the map. The l<x error is estimated to 
30 mJy/beam. 



R.A. (J2000) Dec. (J2000) 5 [mJy/beam] 



a 


5 h 35 ra 30!2 


-4°58'48" 


570 


b 


29:7 


58'06" 


330 


c 


2812 


58'40" 


290 


d 


28:6 


58'48" 


290 


c 


30:6 


59'49" 


270 




5 ll 35 II, El?0 SD"0 tflSfr 13 3 Vf.G 16*U 

Fig. 9. Superposition of the MIR and mm data of the region 
around OMC 3 MMS 2 (MIR 5/6). The grey-scale picture is the 
TIMMI 2 image showing three single and one binary source. 
The contours are taken from the millimetre map of Chini et 
al. iTWl\ . 

As far as we can judge from the astrometric accuracy, 
there is a mid-infrared binary source (MIR 1/2) that coincides 
with component "c". The two objects are of equal strength at 
10.4 /im; their angular separation is T/2, and the position angle 
is 30°, measured clockwise from North. Using the combined 
NIR colours from 2MASS, this binary system is compatible 
with spectral type B. 

5.1.2. OMC 3 MMS 2 

The millimetre source OMC 3 MMS 2 contains another MIR 
binary system (MIR 5/6) as revealed by our TIMMI 2 imaging 
(see Fig. [5}- The projected spatial separation of the components 
is l'/3 or 570 AU with a position angle of 45°. Both components 
of this binary system are surrounded by extended emission 
at 10.4 fj.m. Subtracting the stellar point sources, the residual 
emission suggests the presence of two separate circumstellar 
discs. Tsujimoto et al. (2002i resolved this binary with JHKL 
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photometry. They find a colour excess for both sources cor- 
roborating the presence of circumstellar material. We will pro- 
pose high-resolution millimetre interferometry follow-up ob- 
servations in order to assess the actual distribution of the sur- 
rounding material. 

By applying Gaussians fits to the TIMMI 2 sources, we ob- 
tain similar ellipticities for both which would correspond to an 
inclination angle of 33° + 2° relative to the plane of the sky. 
The combined NIR colours classify this system as K - the only 
late type binary system found in our sample - with the largest 
excess of H - K ~ 4. Analysing the two single YSOs individu- 
ally, Tsujimoto et al. ( 2002 1 find similar excess values for both. 
The colours from this study point to spectral types of A or B. 
From the spectral index a, we conclude that both components 
are of Class I. 

MMS 2 coincides with the X-ray source 8 (Tsuboi et 
al. 2001 1 while MIR 5 is obviously identical to the X-ray source 
8c. The X-ray spectrum also shows evidence for two different 
sources, one of which has a soft the other one a hard spectrum. 
Tsuboi et al. (2001 1 interpret sources with soft X-ray emission 
as TTauri stars whereas hard X-ray emission is characteristic 
for outflows and/or jets. Williams et al. (2003 1 found a very 
long CO outflow associated with MMS 2. 

Another MIR source (MIR 7) cannot be related to any of 
the millimetre clumps in that region but it coincides with the 
X-ray source 12 of Tsuboi et al. (2001 1. Its JHK colours clas- 
sify the star as T Tauri which is compatible with its location far 
above the MS in the / vs. J - H colour-magnitude diagram. 
The spectral index a is compatible with Class I. 

5.1.3. OMC2 FIR 1-2 

The FIR 1-2 complex harbours seven MIR sources, two of 
which (MIR 14 and 19) are embedded in distinct 1200 //m con- 
densations. MIR 14 has the strongest excess in OMC 2 with a 
AK of ~ 1 mag and an Mj of 3.2; from its spectral index it is 
classified as Class II. MIR 19 was not detected by 2MASS. 

5.1.4. OMC 2 FIR 3-5 

Within the FIR 3-5 complex we could detect nine MIR sources 
(MIR 20-28) of which five are associated more or less with 
millimetre emission (see Fig. II 1>. MIR 20 lies within an un- 
resolved North- Western extension of FIR 3; its JHK colours 
display an excess of AK < 1 while its spectral index a points 
towards Class I. 

FIR 3 contains a binary source (MIR 2 1/22) with a pro- 
jected distance of about 1400 AU. It was originally discovered 
as IRS 4 by Gatley et al. d!974i and does not display any signif- 
icant NIR excess. Its spectral index a puts it among the Class II 
objects although this classification might be contaminated by 
the high visual extinction of Ay ~ 22 mag. 

FIR 4 is in close neighbourhood to MIR 24 which is a 
Class I source with a tiny K excess. 

FIR 5 is associated with an IRAS source and close to 
MIR 27. Its spectral index a suggests Class I; this is corrobo- 
rated by its JHK colours that imply a small excess of AK ~ 0.5. 
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Fig. 10. Superposition of the MIR and mm data of the region 
around OMC 2 FIR 1 (MIR 13-19). The grey-scale picture is 
the TIMMI 2 image showing 7 sources. The contours are taken 
from the millimetre map of Chini et al. ( 1997 1. 



MIR 28 is a deeply embedded source with a K excess of 
about 0.5. It is located in a region of enhanced millimetre 
emission which, however, has no separate nomenclature (see 
Fig. II 1>; it is also of Class I. 

5.1.5. OMC2 FIR6 

Fig. [^] displays FIR 6 with its four millimetre clumps a 
- d. Only condensation d contains a binary MIR source 
(MIR 3 1/32) of which both components are of Class II; 
their projected distance is 1100AU. Another Class II source 
(MIR 34) coincides with a faint millimetre clump without 
nomenclature in the very South- Western part of Fig. 1121 

5.1.6. OMC 2 MIR 35-45 

The new Southern extension of the millimetre map by Chini et 
al. {T997) (see Fig.|2jl is enlarged in Fig.^J it does not have 
any nomenclatures. There is a rather strong millimetre peak in 
the very South which coincides with the Class I source MIR 42. 
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Fig. 11. Superposition of the MIR and mm data of the region 
around OMC2 FIR 4 (MIR 20-28). The grey-scale picture is 
the TIMMI2 image showing 9 sources. The contours are taken 
from the millimetre map of Chini et al. ( 1997 1. 
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Fig. 12. Superposition of the MIR and mm data of the region 
around OMC2 FIR 6 (MIR 30-34). The grey-scale picture is 
the TIMMI2 image showing 5 sources. The position of MIR 30 
was determined from the negative signal of the off-position. 
The contours are taken from the millimetre map of Chini et 
al. (fT997t . 
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Fig. 13. Superposition of the MIR and mm data of the re- 
gion around OMC 2 MIR 35-45. The grey-scale picture is the 
TIMMI 2 image showing 8 sources. The position of MIR 35 
was determined from the negative signal of the off-position. 
MIR 37 and 38 only have upper limits. The contours are taken 
from the Southern extension in Fig. [2] 



Another fainter millimetre clump contains the binary source 
MIR 39/40 with a projected separation of 380 AU. A similar 
close binary (MIR 43/44) of Class II and a separation of 420 AU 
lies far off the millimetre emission ridge and at the Eastern edge 
of Fig.|Sl 

5.2. Global properties of the region 

Here we summarise the major properties of the extended dust 
emission and the stellar association in OMC 2/3 as they emerge 
from the present study. Our new millimetre observations with 
SIMBA plus the Southern extension of our imaging at IRAM 
reveals faint extended emission filaments and enlarges the 
number of bona-fide dust condensations to 28. A comparison 
between the extended MIR emission as obtained from the MSX 
survey and the millimetre emission shows that the dust emis- 
sion filaments seen by SIMBA in the Northern (OMC 3) region 
appear as absorbing infrared dark filaments at the MSX wave- 
bands, indicating the presence of cool and dense dust. Using the 
method described by Siebenmorgen & Kriigel (2000), we find 
optical depths at 8.3 //m that correspond to visual extinctions of 
up to 200 mag in the densest regions of OMC 3. However, the 
locations of the largest optical depths are not necessarily corre- 
lated with the strength of the millimetre emission. In numerous 
cases, they lie well away from the millimetre peaks. In contrast 
to that, we find that millimetre emission regions farther to the 
South like e.g. OMC 1, are dominated by the radiation at MIR 
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wavelengths, suggesting considerably higher dust temperatures 
and lower densities. Free-free emission might also contribute to 
the mm detections that are located within the H n regions of the 
Orion nebula (OMC1). 

Our MIR survey along the dust filaments of OMC 2/3 has 
revealed 45 sources. Twelve of them belong to binary systems 
with projected separations between 380 and 1400 AU. These 
sources can also be identified in the 2MASS survey where they 
are, however, unresolved. Their combined NIR colours indicate 
that five systems consist of early spectral types (probably B) 
while one seems to have later type stars (K). Interestingly, all 
binaries are associated with millimetre emission which proba- 
bly arises from circumstellar discs. As mentioned above, in the 
case of MIR 5/6 the discs are to be seen directly at 10.4 /mi. 
In OMC 2, the associated millimetre emission decreases from 
North (676 mJy) to South (48 mJy) maybe suggesting a pro- 
ceeding disruption of circumstellar discs when approaching the 
adjacent Orion nebula. 

Concerning the evolutionary stages of the objects there is 
no quantitative relation between the strength of the millime- 
tre emission and the evolutionary stage of the objects as de- 
rived from the spectral index a between K and N. At most 
there is a slight statistical bias in the sense that two thirds of 
the Class I sources are associated with millimetre clumps while 
only one third of the Class II sources do show significant mil- 
limetre emission. The distribution of J luminosities shows that 
the fraction of high luminosity early type stars is significantly 
higher in OMC 2 compared to OMC 3. On an even larger scale, 
the luminosities and thus the masses of stars in Orion A seem 
to decrease from South (OMC 1) to North (OMC 3). 
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Table 1. Source positions and other designations of the new MIR sources. The braced brackets indicate those double sources 
which were not resolved by the millimetre and/or the NIR observations. The millimetre detections are marked in the column 
"MM" according to Chini et al. ( 1997 ); those millimetre peaks without a previous designation are marked as "+"; "S(c)" indicates 
the "c" component of the the new mm detection with SIMBA. Two identifications (FIR 4 and 5) are uncertain and thus marked 
as "(?)". The sources listed in the column "CSO" are taken from Lis et al. ( 1998 1 and the column "VLA" contains detections 
published by Reipurth et al. ( 1999). Coinciding NIR and FIR sources are listed in the next five columns. The "2MASS" numbers 
are from 2MASS scan No. 10; "AD" and "CHS" numbers are taken from Ali & DePoy J1995b and Carpenter et al. (200D- The 
"IRS" sources were published in Gatley et al. {1974); IRAS sources, whose positions match within their error ellipses, are also 
mentioned. The line between the sources MIR 12 and 13 indicates the borderline between OMC 2 and 3. 
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Table 2. Photometric data and spectral properties. The MIR lcr noise level of one image from our TIMMI2 measurements 
is typically 25mJy/D" in the TV-band and about 370mJy/D" in the Q-band. The 350/im data come from Lis et al. ( 1998), the 
1300 fim flux densities were determined from the extended map of Chini et al. ( 1997 1, and have a lcr noise level of 15 mJy/beam. 
Newly determined millimetre fluxes are marked in bold letters. VLA data at 3.6 cm are taken from Reipurth et al. ( 1999 1. 
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